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Mechanism of SJS/TEN  

• Drug antigens 

• Environmental factors 

• Host factors: 

    Genetics: HLA and non-HLA associations 

    Non-genetic factors 

    Immune mechanism:  

         drug-peptides/proteins-HLA-TCR interaction 

           immune molecules and cytotoxic proteins  

     Cell death mechanism 

     Therapeutic targets  

 

 

  



Historical milestones of SJS/TEN research 

1998                          Viard I, et al.                                                                   Inhibition of Toxic Epidermal Necrolysis by Blockade of CD95 by IVIG 

Adapt from Jean-Claude Roujeau, Dermatologica Sinica, 2013      



Werner J. Pichler,et al. J Allergy Clin Immunol 2011 

Chung WH et al, J Dermatol Sci, 2012  
 

? 

? 

Pathogenesis of SJS/TEN 



Chemical structures of aromatic antiepileptic drugs 

frequently associated with SJS/TEN 

Pan et al., Current Immunology Reviews, 2014  

 

Oxcarbazepine 

Levetiracetam 

Non-aromatic AED 

http://upload.wikimedia.org/wikipedia/commons/5/53/Levetiracetam.png


Environmental factors 

Mycoplasma 

HSV  

~20% Unknown ? 

 Coxsackievirus A6 new variant induced widespread 

mucocutaneous bullous reactions mimicking severe cutaneous 

adverse reactions (Chung WH et al ., J Infect Dis. 2013 ) 



                      Host factors- genetics 
Association of serious drug hypersensitivity and HLA alleles 

Phillips EJ, Chung WH ; J Allergy Clin Immunol. 2011 

Ren-You Pan et al., Current Immunology Reviews, 2014  

 





Association of HLA-B*1502 with CBZ-SJS/TEN in different populations  

 
WH Chung , Journal of Dermatological Science (2012) 

High HLA-B1502 frequency area 

4.7% 7.1% 

6.1% 

8.4% 

5.7% 

5.3% 
2.3% 

＜ 1% 
＜ 1% 

Low HLA-B1502 frequency area ＜ 1% 

* HLA-B1502 allele frequency (%) 



Phenotype & Genotype : HLA-B*1502 in CBZ-cADR (n=194) 

Follow-up study in Taiwan  
 

Y.-H.  Hsiao  et  al.  Journal  of  Dermatological  Science, 2014 



Phenotype and ethnicity specific HLA association 

Populations CBZ-SJS/TEN CBZ-DRESS 

Han Chinese 

(Hung SI, 

Pharmacogene 

Genomics. 2006 

and updated) 

HLA-A*3101 1/60 (NS) 6/19; P=9x10-7 

OR= 16.15 

HLA-B*1502 59/60 ; P= 4x10-43 

OR=1357 

0/19 (NS) 

Japanese 

(Ozeki T, Hum Mol 

Genet. 2011 ) 

HLA-A*3101 5/6; P= 2.35x10-4 

OR= 33.9 

21/36; P= 2.06x10-4 

OR= 9.5 

HLA-B*1502 

 

0 (NS) 

 

 

0 (NS) 

European 

(McCormack M,    

NEJM. 2011) 

HLA-A*3101 

 

5/12; P= 8x10-5 

OR= 25.93 

10/27; P= 0.03 

OR= 12.41 

 

HLA-B*1502 

 

0 (NS) 

 
0 (NS) 

allele 

phenotype 

* NS: no significance 



The Pharmacogenomics Journal (2013), 1–8 

HLA-A3101 is strongly associated with CBZ-DRESS in all populations 

RegiSCAR 



 

The Pharmacogenomics Journal (2013), 1–8 

HLA-A*31:01 shows weaker association with CBZ-SJS/TEN of 

Europeans from RegiSCAR study: only (+) in 3/20  

RegiSCAR 



Carbamazepine Translational Roadmap 

 

• CBZ is the leading cause for SJS in drug relief foundation and ADR 

reporting system, Taiwan 

• First finding of strong association between CBZ-SJS and HLA-B*1502 in 

Han Chinese 

• European study showed no association of HLA-B*1502  with CBZ-SJS 

in Caucasians populations, indicating a ethnicity specific marker 

• Independent  studies from South East Asian countries showed a 

consistent  strong association of HLA-B*1502  with CBZ-SJS 

• US FDA world CBZ safety review showed increased risk for CBZ-SJS in 

South East Asian countries  (5.9/10000 in Taiwan) 

• Relabeled warning of HLA-B*1502  linked with CBZ-SJS of package 

insert  by Taiwan and US FDA  

• Prospective study of HLA-B*1502 screening before prescribing CBZ in 

Taiwan  

• Taiwan National health insurance covers the expense of HLA-

B*1502 test for subjects initiating CBZ. (a routine test before use of 

CBZ in Taiwan now ) 

1998-2004 

2004 

2006 

2007-8 

2007 

2007 

2008 

2010 



PNAS 102(11): 4134 – 4139 , 2005. 

SCAR (51)=  SJS/TEN(21) ; DRESS (30) 



Validate the association between HLA-B*5801 and  

Allopurinol-SCAR  in different populations 



T cells 

carbamazepine 

HLA- 
B*1502 

APCs 

T cells 

allopurinol 

HLA- 
B*5801 

APCs 

T cells 

Abacavir 
Flucloxacillin 

HLA- 
B*5701 

APCs 

T cells 

Dapsone 

HLA-B*1301 

APCs 

Role of HLA in drug hypersensitivity: HLA-restricted 
 

Hypothesis: HLA proteins have different affinity to the drug/peptide complex. 



•Stable transfection of different HLA-B cDNAs 

into C1R B cells, or keratinocytes. 

•CBZ-SJS CTLs only kill target cells 

expressing B*15:02. 

•Abolish the cytotoxicity of CTL by 

anti- HLA class I/HLA-B antibodies  

Wei CY, et al. JACI, 2012 

HLA-B*15:02-dependent cytotoxicity of CTL in carbamazepine 

(CBZ)-induced SJS/TEN  



•Stable transfection of different HLA-B cDNAs into keratinocytes. 
•HLA-B75 members could elicit the cytotoxicity of CBZ-specific CTLs. 

The same HLA serotype members (B75) could present CBZ to T cells. 

Wei CY, et al. JACI, 2012 

Other HLA-B*15  subtypes associated with  

CBZ-SJS/TEN in different ethnic populations    



How HLA and TCR recognize drugs in drug hypersensitivity? 

Hapten concept p-i concept  
altered self-peptide 

repertoire 

Peptide-drug 

interaction 
Covalent binding Non-covalent Non-covalent 

Drug activity 
Reactive  

(e.g penicillin) 

 inert 

(e.g.carbamazepine) 

Inert  

(e.g. abacavir) 

Ag processing 
Processing, Non-

processing 
Non-processing Processing 

MHC restriction MHC-restricted 
MHC-restricted, non-

restricted 
MHC-restricted 

TCR types oligoclonal Oligoclonal,polyclonal polyclonal 

Ren-You Pan et al., Current Immunology Reviews, 2014; Pichler WJ , Allergology International 2006 Jan;55; Illing P et al, Nature 2012  



Nature 2012, May 

Abacavir (ABC) binds to the F-pocket of HLA-B*57:01;  

the ABC filled F-pocket leads to selection of peptides with  valin at position 9 (instead 

of tryptophan / phenylalanin) 

(ca 20% of peptides are altered, 80% not altered; described  for  very high ABC 

concentrations (100mg/ml)) (Illing P et al, Nature 2012) 

 



No detection of CBZ covalently modified peptides. 

No detection of altered self-peptide repertoire 

B*1502 peptides +CBZ 

B*1502 peptides 

B*1502 peptides + CBZ 

B*1502 peptides 

Ou Yang CW, et al., JACI, 2007 

Using LC-MS/MS to investigate the peptides bound by HLA-B*1502. 

Peptide repertoire: CBZ-HLA-B*1502 model 



TCR: shared VB-11 CDR3 clonotypes of CBZ-stimulated CD8+ T cells 
from patients with CBZ-SJS/TEN. (oligoclonal) 

VB-11-ISGSY (5/8) 
VB-11-GLAGVDN (2/8)  
  

Ko TM et al., JACI, 2011 

TCR 

HLA 

APC 

T cell 

  TCR 

  Peptide 
 

  MHC/HLA 



Is HLA-B*1502 as marker for phenytoin-induced SJS/TEN? 

Genotype      case/tolerant(p value/ OR)                  case/tolerant(p value/OR) 

HLA-A  

*1101                14/49(0.47/1.54)         28/49 (0.01/3.01)  

*2402                 6/32 (0.736/0.76)                         8/32  (0.337/0.59)  

*3101                 0/8   (0.515/0.23)   0/8    (0.298/0.16)  

HLA-B 

*1502   9/8  (p=4.3x 10-4, OR: 7.13)         4/8     (0.856/1.40) 

*4001  5/38(0.208/0.45)        11/38 (0.497/0.70)   

         PHT-SJS/TEN                          PHT-MPE/HSS     

 (case: 24 vs. PHT tolerant: 103)   (case: 38 vs. PHT tolerant: 103)  

Hung SI& Chung WH et al, Pharmacogenomics. 2010  

Only weak association with SJS/TEN 



Clustering SNPs on chr.10 

No HLA alleles 

GWAS: 60 phenytoin-induced SCAR (38 SJS/TEN, 22 DRESS)  

v.s. 412 subjects of general population, Taiwan 



90% CYP2C9  

10% CYP2C19  

The major metabolizing 

enzymes of Phenytoin  



CYP2C*3 is strongly associated with PHT-SJS/TEN & DRESS, but 

less with PHT-maculopapular exanthem  

28 



Poor metabolism of phenytoin in the PHT-SCAR patients 

The levels of plasma phenytoin were measured by fluorescence polarization 

immunoassay analysis. 

Days after discontinuation of  PHT 

Therapeutic level 



Same significant association of CYP2C9*3 with PHT-SCAR 

was observed in patients from Taiwan, Japan, and Malaysia 



Non-genetic factors: metabolism and drug hypersensitivity 

Ann Rheum Dis. 2014 Aug 12 



Correlation between the levels of plasma oxypurinol 

and prognosis of allopurinol-SCAR 

Chung WH et al, Ann Rheum Dis. 2014 





 

 Maculopapules,   

     SJS/TEN 

  SJS/TEN 

Viard I, et al.Science. 1998 Nassif A. et al. J Allergy Clin Immunol. 2004 

Cytotoxic mechanisms for extensive keratinocyte death in SJS/TEN  



Granulysin/SJS Granzyme B/SJS Perforin/SJS 

FasL/SJS Granulysin/MPE Granulysin/health 

Blister fluid ELISA  

6920.6 ng/mL  

Intradermal injection of 

granulysin in mice skin  
Granulysin in the blister 

fluids is a 15 kDa form 

Blister 

cells  

2008 



Expression of granulysin (GNLY) in CTLs/NK/NKT cells of 

SJS/TEN blister cells 

Surface marker  Cell Type Percentage 

(average, n=6) 

CD3+ CD8+ CD8+ T cell 55.7 + 15% 

CD8+ GL+ GNLY expressing  CD8+ T cell  27.4+ 15.2 % 

CD3-CD56+ GL+ GNLY expressing 

NK cell 

31.1+ 17.4 % 

CD8+CD56+ GL+ GNLY expressing 

NKT cell 

 

25.8+ 17.1 % 

CD56 + GNLY +DAPI 
CD8+GNLY 



MPE 

Serum level 

MPE 



SJS caused by mortrin?  



Test Method Limitation 

1. lymphocyte 

transformation test 

(LTT) 

Measure the cell 

proliferation 

Radioactivity; expensive equipment 

Need well-trained technicians 

Sensitivity for the detection of causality 

of MPE: 57%-78% 

Sensitivity for the detection of 

causality of SJS/TEN: <20% 

2. Detection of CD69 

expression on Th1 

cell surface 

Flow cytometry 

CD69: a marker of early T cells 

activation, is associated with Th1 T cell 

differentiation. 

Only 0.5-3% T cells expressing CD69 

3. Cytokine 

expression and 

secretion (IL2, IL5, 

IFNγ) 

ELISA 

These cytokines are not specific for 

delayed-type drug hypersensitivity 

Poor results of the sensitivity and 

specificity 

Comparison of in vitro tests to detect the causative drugs for 

the type IV (delayed type) drug hypersensitivity 

Nyfeler et al, 1997; Luque et al, 2001 Pichler et al, 2004, Fu and et al, 2012 

 
 



Cytokines& chemokines in SJS/TEN 

Chung WH et al, J Dermatol Sci, 2012  



CCR3 

CXCR3 

CCL20 

Epidermis 

Granulysin 

Granzyme-B 

Perforin 

 sFasL 

TNF-a 

IFN-r, IL-8,10,15 
Dermis 

Blood  

vessel 
Drug Ag 

CD8 

Drug 

Immune mechanism in SJS/TEN 

APC 
APC 

TNF-a, IFN-r 

IL-6, IL-10, 

CCR10 

Fas-L 



Chung WH, Allergol Int. 2010; Viard-Leveugle J Invest Dermatol. 2013; Nao Saito et al.,Sci Transl Med 16 July 2014 

Ichihara A et al, J Allergy Clin Immunol. 2014  

  

Cell death mechanisms in SJS/TEN 

* TNF-α & IFN-γ => increase iNOS & Fas L in keratinocytes 

+ Annexin A1=> formyl peptide recptor 1 induced Necroptosis of Keratinocytes 

# miR-18a-5p inhibits BCL2L10 of keratinocytes  

* * * * * * * 

* * * * * * * 

(8, 9) 

#  
#  

#  

#  

#  

#  

+ + + + + +  

+ + + + + +  



IVIG? 

 

Systemic 

corticosteroids? 

Apoptosis inhibitor 

Neutralizing antibodies 

T/NK cell activation inhibitors 

From pathomechanism to therapeutic strategy for SJS/TEN 
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